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TECHNIQUES FOR MEASUREMENT OF DEFORMATION OF 
ELECTRONICALLY SCANNED ANTENNA 
ARRAY STRUCTURES 

BACKGROUND OF THE INVENTION 

[0001] An exemplary application for this invention is for large spacecraft 
radar antennas. For example, large antennas are under development which 
are made of lightweight materials which can be deployed, e.g. by inflation, 
to the approximate desired shape after the spacecraft has been deployed 
in orbit. 

[0002] Because of the large size, such antennas may not provide sufficient 
precision to yield the desired beam quality. Nominal distortions of the 
structure will degrade the radar beam pattern. Although the desired beam 
quality can in principal be achieved by electronically compensating for the 
antenna distortion, the success of such compensation is dependent on the 
availability of a technique for rapidly and precisely determining the locations 
of the beam elements. 

SUMMARY OF THE DISCLOSURE 

[0003] Techniques for simultaneous measurement of multiple array 
elements of an array antenna are described. The array is illuminated with a 
coherent signal source, and each array element phase shifter is cycled 
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through a range of phase shifter settings at a unique rate. The phase shifted 
signals from each array element are combined to provide a composite signal. 
The composite signal is processed to extract the phase of the coherent 
source signal as received at each element. The phase information is used to 
determine the location of the elements relative to each other. 

BRIEF DESCRIPTION OF THE DRAWING 

[0004] Features and advantages of the present invention will become more 
apparent from the following detailed description of an exemplary embodiment 
thereof, as illustrated in the accompanying drawings, in which: 

[0005] FIG. 1 is a simplified schematic diagram of an antenna array system 
with an exemplary functional block diagram of a calibration system. 

[0006] FIG. 2 is a schematic diagram of one exemplary embodiment of a 
calibration system for a antenna array system. 

[0007] FIG. 3, FIG. 3A and FIG. 3B schematically illustrate a further 
embodiment of a sensor system employing an embodiment of a calibration 
system. 

DETAILED DESCRIPTION OF THE DISCLOSURE 

[0008] An exemplary embodiment of the invention is employed in a radar 
system including an antenna array having a plurality of array elements, each 
having a phase shifter associated therewith to apply a selectable phase shift 
to signals received by or radiated from the element. The phase shifter may 
comprise a Transmit/Receive (T/R) module in an active array, or it may be 
part of a receive module in the case of a passive array system. Each phase 
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shifter is settable to a desired phase shift value within a phase shift range. In 
a typical application, the phase shifters have a set of discrete values, e.g , a 
digital phase shifter having 3 bits, 8 bits or even higher resolution. 

[0009] The array is augmented with at least one, and more typically three 
or even four suitably positioned reference radiators (beacons) that are 
capable of transmitting a coherent signal in the system RF band. If more than 
one beacon is employed, they are preferably located "orthogonally" in the 
sense that they illuminate the aperture from approximately orthogonal 
directions. Thus, each beacon provides a means to supply a reference signal 
for determining the displacement of an antenna element in one dimension. 
A single beacon provides one-dimensional information. Three beacons 
provide three-dimensional information. 

[0010] The beacon(s) illuminate the aperture, either sequentially or 
simultaneously. During the illumination, each of the T/R modules (or some 
portion of the modules) receives the beacon signal(s). The phase of each of 
the RF signals is measured at each receive element. The progression of the 
measured phase along adjacent elements is then employed using 
conventional phase unwrapping techniques to derive the relative location of 
each element. 

[0011] FIG. 1 is a simplified schematic diagram of an antenna system 10 
with an exemplary functional block diagram of a calibration system. The 
system includes an array of elements 12, each coupled to a port of a 
corresponding module 14 comprising an amplifier section 14A and a phase 
shifter 14B. Although FIG. 1 depicts an active array in which each element 
has an associated amplifier, the calibration techniques described herein apply 
as well to passive arrays in which the signals are combined without 
amplification. The phase shifters 14B are controlled by a beam steering 
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computer 20 during normal array operation to steer the array beam to a 
desired direction, in a manner well known to those skilled in the art. A space 
or constrained feed network 16 connects each array element module 14 to a 
common port 16A. During receive, the composite signal is fed to a receiver 
18. The receiver output signal is passed to processor 18A and 18B. 

[0012] The coherent source(s) 24 is (are) located in the field of view of the 
antenna array. The coherent sources may be placed in the far field of the 
antenna, or in the near field (e.g., mounted on a boom extending from the 
antenna surface). Each source may radiate at a single frequency (CW), or 
may employ a coded waveform that can be decoded on receive, as discussed 
further below. During a calibration mode, the source or sources 24 
generate(s) a signal within the frequency band of the antenna system, 
illuminating the array. During this mode, each array element phase shifter 
14B is cycled through its range of phase shifts at a rate unique to each phase 
shifter. Each element is switched to generate a code which is orthogonal to 
that of all other elements, i.e. upon decoding with the appropriate processing, 
the signal from each element can be individually detected. The receiver 
decodes the composite signal to determine the phase of each beacon signal 
received by each element. The phase progression along adjacent elements is 
processed, e.g. using conventional phase unwrapping techniques, to 
determine the relative location of each element. 

[0013] One beacon is adequate to determine the displacement of the array 
elements along one dimension. Additional beacons can be employed to 
establish the displacement along other dimensions and/or be employed to 
determine any unknown phase delay in each array element. 

[0014] FIG. 2 is a schematic diagram of one exemplary embodiment of a 
calibration system for a radar antenna system 30. This illustrative example is 
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an elementary case with the following exemplary attributes. There is an 
uncertainty of the array element positions in a single dimension, and a single 
stationary beacon illuminates a calibration signal along this dimension of 
uncertainty. In this example, the calibration signal is a sinusoidal beacon 
signal of the form exp(ico c t). A corporate feed network is used to combine the 
signals from each array element. The array is characterized by equal phase 
delay propagating through each array element (except for the phase delay 
introduced by the phase shifters). Sinusoidal cycling of phase shifters 
provides the desired orthogonal coding. As will be explained later, these 
simplifications are not fundamental to practicing the calibration technique, and 
each can be removed without loss of capability. 

[0015] The "n" radiator elements 12-1, 12-2. ..12-n of the array are 
nominally arranged on a line or plane 32 depending on the configuration of 
the system, i.e. a one dimensional or two dimensional system, but in an 
actual system, some or all of the elements are displaced from the line or 
plane 32, along a non-linear or non-planar line or surface 34. A coherent 
source 24 illuminates the array aperture with a sinusoidal coherent signal 
exp(ico c t). The phase difference at each element due to the element 
displacement from the nominal position is AGj. The signal received at each 
element is exp[i(co c t+A9j)]. The signal received at each element is amplified 
by a respective amplifier 14-1 A, 14-2A...14-nA, and phase shifted by a 
respective phase shifter 14-1 B, 14-2B... 14-nB. In this exemplary 
embodiment, the respective phase shifters each have 2 M phase states, and 
are controlled by the beam steering computer 20. 

[0016] During a calibration mode, each element phase shifter is 
commanded to cycle through its 2 M phase states at a unique rate coj to 
distinguish each of the N radiating elements. Thus, the phase shift applied by 
each phase shifter j during the calibration mode is _j = cojt. For example, 
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assume that there are 1000 elements. Each phase shifter is instructed by the 
beam steering computer 20 to cycle through its progression of phase steps, 
one step at a time. The rate at which an individual phase shifter is cycled is 
unique to each phase shifter. The j th phase shifter is cycled at some rate, say 
j*10 Hz. That is, phase shifter 14-1B is cycled at 10 Hz, while phase shifter 
14-1000B is cycled at 10,000 Hz. 

[0017] The amplified, phase-shifted signal contributions from each 
element are combined by network 16 to provide a composite signal, Z 
exp[i(co c t+Aej+cOjt)] from j=1 to n. At the receiver 18, the composite signal is 
downconverted at mixer 18-1, and passed through a low pass filter to provide 
signal Z exp[i(A6j +cojt)] for j=1 to n. This signal is converted to digital form by 
analog-to-digital converter 18-3. The digitized signal is processed by a Fast 
Fourier Transform (FFT) 18A-1, and at process 18A-2, the differential phase 
is computed for each element as follows: 

A0j = tan' 1 (Real FFT(coj)/lmag FFT(coj)) 

[0018] At process 18B, the phase measurements A9j are "unwrapped" to 
determine the relative element locations at all the elements. 

[0019] If the antenna array is moving relative to the beacon(s), as would 
be the case for a satellite antenna and a ground-based beacon, the Doppler 
shift of the carrier can be removed by appropriately adjusting the local 
oscillator frequency of the mixer 18-1 . 

[0020] One beacon, i.e. one coherent source, is adequate to determine 
the displacement of each element along one dimension, e.g. along direction 
25 of FIG. 2. Additional beacons can be used to establish the displacement 
along other dimensions. These are preferably at orthogonal or generally 



Attorney Docket No. PD-02W138 



Page 7 



orthogonal directions, and one would be positioned out of the plane of the 
array face, for three dimensional displacement location. For the case of a 
space-based antenna array, the beacon could be located on a boom 
extending from the antenna structure. 

[0021] An additional beacon can also be used to determine (and 
compensate for) electrical path differences due to differences in the electrical 
properties of the components, and to monitor the status of the phase shifters. 
This can be accomplished as follows. Suppose that the total phase delay ry 
at the j th element is the sum of the delay A9j due to the element displacement 
plus an unknown electrical delay Ae,. Consider making measurements with 
two beacons 1 and 2 at different directions. From beacon t \,r]\<\ = A9ji + Aej. 
From beacon 2, r^ 2 = A0 j2 + Aq. Using knowledge of the directions of the two 
beacons, the relationship between AGji and AG j2 can be determined. Then, 
the measured values of rjji and r| j2 and the equations for these two values can 
be used to determine for each element j the values for A0ji, Ae j2 and Aej. 

[0022] FIGS. 3, 3A and 3B show an embodiment of a sensor system 
utilizing a calibration system in which four beacons 24A, 24B, 24C, 24D 
located at four directions from the array 12 of elements 12-1, 12-2... 12-n are 
employed. For this example, the location of each element may be uncertain 
in any one or all three dimensions. Each beacon generates a coherent 
source signal of any type which is orthogonal to the other beacons in the 
sense that through appropriate processing the signal from each of the 
beacons can be individually detected. The array feed 16 which in this receive 
example is represented as 16-1,... 16-j..., 16-n, and associated combiner 16B 
can be open or constrained. Each array element T/R (or receive only) 
module 14-1, ... 14-j,... 14-n may have a phase delay of unknown amount 
which results from variations in the electrical properties of the module. 
The phase shifter 14-1 B,... 14-jB,... 14-nB of each element is cycled in any 
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manner which generates a signal which is orthogonal to those of other 
elements. The beacon sources 24A, 24B, 24C, 24D may be stationary or 
moving. The motion is compensated by providing the appropriate Doppler 
offset during processing. 

[0023] As in the embodiment of FIG. 2, the array elements ideally are 
located on a line or plane 32, but in a fielded array, there is some deviation 
from the ideal, so that the elements are displaced from 32 on a line or surface 
34. As a result, each element will be characterized by some differential 
phase shift from the ideal array location, for each source. As illustrated in 
FIG. 3A, element 12-j has phase shifts AGji, A0 j2 , A0 j3 , A0j 4 , respectively from 
each of the four beacons. 

[0024] The beacons 24A, 24B, 24C, 24D generate coherent signals. 
Source #1 (24A) generates a signal exp[i(co c it + yi(t))], source #2 (24A) 
generates a signal exp[i(co C 2t + Y2(t))], source #3 generates a signal 
exp[i(co C 3t + Y3(t))L and source #4 (24D) generates a signal exp[i(coc4t + Y4(t))], 
where co C k represents the carrier frequency for the k th source and y k (t) 
represents any additional modulation of the beacon signal k. Assuming the 
beacon sources are radiating simultaneously, each element will receive a 
composite of the four signals. For example, element 12-j will provide a 
composite signal E exp[i(co C kt + yk(t) + A0j k )], over k = 1 to 4. 

[0025] The element composite signals are respectively amplified and 
phase shifted by the corresponding module 14-j. For example, module 14-j 
applies a phase shift cpj = cpj(t). Thus, the phase shift during the calibration 
mode is time varying, at a different rate for each element phase shifter. The 
signals from each module are combined to form a composite signal, EE exp 
[i(co C kt + Yk(t) + A0 jk + cpj(t))], over k = 1 to 4 and j = 1 to n. This signal is then 
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processed (FIG. 3B) by four channels, one for each beacon, to recover phase 
information for each element and for each beacon signal. 

[0026] In this exemplary embodiment, four down converters, low pass 
filters, and A/Ds are employed to process the coded signals from each of the 
four beacons. However, the techniques described here apply as well to other 
down conversion approaches. For example, the composite signal could also 
be down converted to an intermediate band which is sampled by a single A/D. 
The compensation for the beacon motion and the decoding necessary to 
extract the desired signal from each beacon would be performed digitally. 

[0027] Each channel includes a filter comprising a mixer and low pass 
filter. Each mixer mixes the composite signal with a corresponding mixer 
signal exp[i(co C i<t + Yk(t))], plus any compensation needed to account for motion 
of the beacons relative to the antenna. The resulting signal is filtered by a low 
pass filter comprising the filter bank 60. Thus, a first component of the 
composite signal is passed to a first channel for the first source 24A 
comprising mixer 60-1 A, low pass filter 60-1 B, A/D converter 62A, decoder 
64A and phase computation function 66A. The signal at the output of the low 
pass filter is S exp [i(A0 j1 + cpj(t))], over] = 1 to n. 

[0028] Another component of the composite signal is passed to a second 
channel for the second source 24B comprising mixer 60-2A, low pass filter 
60-2B, A/D converter 62B, decoder 64B and phase computation function 66B. 
A third component of the composite signal is passed to a third channel for 
the third source 24C comprising mixer 60-3A, low pass filter 60-3B, A/D 
converter 62C, decoder 64C and phase computation function 66C. A fourth 
component of the composite signal is passed to a fourth channel for the 
fourth source 24D comprising mixer 60-4A, low pass filter 60-4B, A/D 
converter 62D, decoder 64D and phase computation function 66D. Each of 
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the decoders 64A-64D applies the processing necessary to extract the signal 
associated with the j th element. If the element phase shifter is switched 
sinusoidally, the decoding is performed with an FFT as previously described. 
If coding schemes other than the FFT are employed, the suitable inverse 
transfer function is applied to extract the desired signal. 

[0029] Once the phases have been computed for each beacon, a 
processor 68 computes the array element locations in three dimensions and 
in addition, if necessary, determines any phase propagation delay associated 
with each of the array elements (as described above). 

[0030] While the system has been illustrated with reference to a receive 
antenna, the calibration technique applies analogously to a transmit antenna. 
In this case, the beacon is replaced by a receiver and the associated FFT 
processing capability. The transmitter of the radar system transmits a 
coherent signal and the phase shifters are cycled at respective unique rates 
as in the receive case. Further, while the system has been illustrated with 
sine wave functions and an FFT for processing, other orthogonal functions 
and associated transforms could alternatively be used. 

[0031] It is understood that the above-described embodiments are merely 
illustrative of the possible specific embodiments which may represent 
principles of the present invention. Other arrangements may readily be 
devised in accordance with these principles by those skilled in the art without 
departing from the scope and spirit of the invention. 



